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Preface i

PREFACE

This document is the first annual statistical summary for the Carolinian Province estuaries compo-
nent of the nationwide Environmental Monitoring and Assessment Program (EMAP). EMAP-
Estuaries in the Carolinian Province is jointly sponsored by the National Oceanic and Atmospheric
Administration (NOAA) and the U.S. Environmental Protection Agency (EPA). The program is be-
ing administered through the NOAA Carolinian Province Office in Charleston, South Carolina and
implemented through partnerships with a combination of federal and state agencies, universities, and

the private sector.
The appropriate citation for thisreport is:

Hyland, J. L., T. J. Herrlinger, T. R. Snoots, A. H. Ringwood, R. F. Van Dolah,
C. T. Hackney, G. A. Nelson, J. S. Rosen, and S. A. Kokkinakis. 1996.
Environmental quality of estuaries of the Carolinian Province: 1994. Annual
statistical summary for the 1994 EM A P-Estuaries Demonstration Project in the
Carolinian Province. NOAA Technical Memorandum NOS ORCA 97.
NOAA/NOS, Office of Ocean Resources Conservation and Assessment, Silver

Spring, MD. 102 p.
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Disclaimer \Y;

DISCLAIMER

This report provides a summary of ecological conditions of estuaries of the Carolinian Province
based on data collected during a single sampling period (June 30 — August 31 1994) in accordat
with the sampling design and protocols established for the nationwide Environmental Monitoring ar
Assessment Program (EMAP). The EMAP-Estuaries scientific design incorporates a broad-bas
sampling scale in which a large regionally extensive population of estuaries is sampled each ye
Each estuary is usually represented by a single randomly selected station. This design is intende
support probability-based estimates of the percent area of degraded vs. nondegraded estuaries a
the region (or smaller subpopulations of estuaries). However, the design is limited in its ability t
support detailed characterizations of pollutant distributions and sources within individual estuarin
systems. Such assessments would require finer-scale sampling designs applied in the particular a
of concern. Furthermore, because the data presented here represent only the first year of samplin
is not possible at this point in the program to report on temporal changes or trends. Collection of ds
over several years should provide an answer to the question of whether the conditions of the estual
resources within the region are getting better or worse with time. Moreover, the statistical power
detect such changes should be enhanced as measurements from multiple years of sampling are
cluded in the database. Such limitations of the present data must be recognized should the inforr
tion be used for policy, regulatory, or legislative purposes.
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Abstract XVii

ABSTRACT

A study was conducted in the Carolinian Province to identify the estuarine resources of this region
and assess their condition based on a variety of synoptically measured indicators of environmental
quality. The Carolinian Province, one of 12 coastal regions established under the nationwide Envi-
ronmental Monitoring and Assessment Program (EMAP), extends from Cape Henry, Virginia
through St. Lucie Inlet, Florida. Indicators used in this study included measures of: (1) genera
habitat condition (depth, physical properties of water, sediment grain-size and organic carbon con-
tent), (2) pollution exposure (sediment contaminants, sediment toxicity, low dissolved oxygen condi-
tions), (3) biotic conditions (diversity and abundances of macroinfaunal and demersal species, pa
thologies in demersal biota), and (4) aesthetic quality (presence of anthropogenic debris, visible ail,
noxious sediment odor, and water clarity). A stratified random sampling approach was incorporated
to support probability-based estimates of the areal extent of degraded vs. undegraded resources.

Estuaries were stratified into three classes based on physical dimensions. large estuaries, small
estuaries, and large tidal rivers. This classification scheme resulted in the identification of 200 estuar-
ies with an overall estimated surface area of 11,622 km®. There were three large estuaries, three large
tidal rivers, and 194 small estuaries. A total of 84 base stations and 13 supplemental stations were
sampled from June 30 — August 31, 1994. Base stations were randomly selected sites that formed
core of the probability-based monitoring design. By estuarine class, base stations included 20 in lai
estuaries, 47 in small estuaries, and 17 in large tidal rivers. By subregion, there were 46 stations
southern Virginia — North Carolina, 20 in South Carolina — Georgia, and 18 in Florida. Supplement:
stations in suspected contaminated areas provided sites for field validation of additional ecologic
indicators developed during the study.

Over half (54%) of the surface area of these estuaries showed no major evidence of environmer
degradation based on any of the measured biotic, exposure, or aesthetic indicators. Twenty percer
the province, represented by 17 stations, exhibited adverse biological conditions linked to significa
pollution exposure (significant sediment toxicity, high sediment contamination in excess of reporte
bioeffect guidelines, or low dissolved oxygen concentrations in bottom waters). The majority (11) c
these sites were in North Carolina. Most were characterized by degraded infaunal assemblages
companied by high sediment contamination and/or significant sediment toxicity based on Microtox
assays. Biotic indicators based on demersal species variables were not as effective as infaunal vari-
ables in discriminating between undegraded and degraded stations (classified on the basis of exposure
indicators). Additional localized impacts not accounted for in the above estimate of degraded estuar-
ies were detected at nonrandom supplemental sites near potential contaminant sources.

A strength of the EMAP-Estuaries probability-based sampling design is its ability to support unbi-
ased estimates of ecological condition with known confidence. Further sampling in the Carolinian
Province should improve the accuracy of these estimates and provide a basis for assessing how the
overall quality of these estuariesis changing with time
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Section 1.1 1

1. INTRODUCTION

fluxes of people and businesses to southeastern

1.1 Background and Purpose coastal states over the next few decades and the

of Study ensuing pressures on the coastal zone of this re-
gion. Culliton et al. (1990) estimated that the
coastal population of the southeastern United
States will have increased by 181% (the largest
in the country) from 1960 to 2010. The Carolin-
ian monitoring program is intended to provide
valuable information on the overall health of
southeastern estuaries in addition to a reliable
baseline for evaluating how conditions of these
resources are changing with time. The program
also provides an opportunity to refine methods
for conducting future monitoring and assessment
studies in this and other regions.

This study was conducted as part of the estu-
aries component of the Environmental Monitor-
ing and Assessment Program (EMAP-E).
EMAP, initiated by the Environmental Protection
Agency (EPA), is a nationwide federal program
aimed at monitoring the environmental health of
a variety of coastal and terrestrial ecosystems.
The estuaries portion of EMAP is conducted
jointly by EPA and the National Oceanic and
Atmospheric Administration (NOAA) and is de-
signed to provide a quantitative assessment of
the regional extent of potential environmental

problems in the nation’s estuaries by measuring an initial pilot study was conducted in the
status and change in selected ecological indic@rolinian Province in 1993 to collect back-
tors. A detailed program plan for EMAP-E angyround information on ranges of environmental
related efforts in other near-coastal environmenfgiaples and to determine appropriate indicators
is described by Holland (1990). The integrategf environmental quality to include in subsequent
approach to monitoring these coastal resourcgfnitoring efforts. Results of the pilot study are
fulfills a key directive under the 1992 Nationak,mmarized by Ringwood et al. (1995a). A full
Coastal Monitoring Act (Sec. 50Et Seq, 33  proyince-wide monitoring effort began in 1994.
U.S.C. 2801) for NOAA, EPA and other federaihs effort incorporates approaches suggested in
agencies to establish a comprehensive natioRgk pilot study but is based primarily on the
program for. consistent monitoring of the nation’gyerall EMAP-E sampling design and protocols
coastal environments and ecosystems. to ensure data comparability with other prov-
. inces. Thus far, two years of field sampling have
In 1993, NOAA and EPA formalized ANpeen completed. The following report provides a

agreement to Initiate a joint monitoring prOgr"’méummary of ecological conditions of estuaries of

IFr: the Cark‘]’."?]'?“ Prowfnclzg. E-'\r/:fp Earo“.n'an[he Carolinian Province based on data collected
rovince, which 15 one o ) reglonsduring the first monitoring season (summer

extends from Cape Henry, Virginia through th(—7*1994).
southern end of the Indian River Lagoon along

the east coast of Florida (Figure 1-1). The estu-
arine resources of this region are diverse and ex-
tensive, covering an estimated 11,622 Zkm
There is an increasing need for effective man-
agement of these resources given predicted in-

NOAA Technical Memorandum NOS ORCA 97
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Section 1.2 3

1.2 Objectives

The objectives of this program are to:

Assess the conditions of estuarine resources of
the Carolinian Province based on a variety of
synoptically measured indicators of environ-
mental quality;

Establish a baseline for evaluating how the
conditions of these resources are changing
with time; and

Develop and validate improved methods for
use in future coastal monitoring and assess-
ment efforts.

These objectives are being addressed using a

probability-based sampling design, under which
alarge regionaly exte